Force sensing in natural orifice transluminal endoscopic surgery.
Natural orifice transluminal endoscopic surgery (NOTES) may represent the next frontier for therapeutic minimally invasive surgery; however, its feasibility is currently limited by the lack of suitable instruments. Identifying the forces required to manipulate tissue during NOTES is a necessary first step in the development of better instrumentation. Sensorized instruments were used to measure the forces acting at the tip of the instruments during transgastric and transperineal NOTES procedures performed in two female pigs. The maximum and average forces when handling tissue were determined and compared. The results show that, for the transgastric approach, the average forces required are significantly less than in the transperineal approach (43% less), and that the maximum forces required are almost 8 and 16 N in the transgastric and transperineal approaches, respectively. The forces were higher than 5 N in 1.6% of the measurements in the transgastric approach and 2.9% in the transperineal approach. This study presents an experimental measurement of tissue manipulation forces in a NOTES procedure. This information may be valuable for research groups interested in developing NOTES instruments and devices. It is recommended that NOTES instruments be designed to easily handle forces as high as 16 N.